Research procedure and data collection
Patient details were retrieved from the Child Accident Prevention Foundation of South Africa (CAPFSA) database, in which the entry 'other bites' was used to identify our study population.
From this database the following variables were extracted: gender, age at the time of the bite incident, date of the incident, the child's first language, demographic characteristics, type of bite wound, description of the bite incident (e.g. (indoor/outdoor) and time, anatomical site of the bite injury, pathology, severity assessed with the Abbreviated Injury Score (AIS) (minor, moderate, severe, mortal), treatment (medication, immunisation, analgesic, wound dressing, sutures, stitches, debridement, amputation, skin graft, etc.), follow-up (returned for check-up), socioeconomic background, family income and parental employment.
Statistical information on the different regions in Cape Town was extracted from a report published by the City of Cape Town in 2011. [12] 
Data analysis
Normally distributed variables were presented as means (standard deviation) and non-normally distributed variables as medians (interquartile range (IQR)). Numbers of rat bites were compared between gender and age groups using Fisher's exact test. The data analyses were performed using SPSS Statistics 23.0 (IBM, USA). A p-value of <0.05 was considered statistically significant.
Treatment and outcome of unusual animal bite injuries in young children

Results
In the CAPFSA database, 450 patients were identified with the entry 'other bite' , 237 of whom were excluded because they did not meet the inclusion criteria or there was an exclusion criterion. Table 1 presents the background characteristics of the 213 patients included in the study. The median age was 2.9 years (IQR 1.2 -6.5), and 117 (54.9%) were boys. In 107 cases the patient's racial category was identified: 20 children (18.7%) were categorised as black, 21 (29.6%) as white and 66 (61.7%) as coloured (of mixed race).
Mammals inflicted most of the bite injuries (159/213, 74.6%). Thirty-nine children (18.3%) were bitten by insects, 8 (3.8%) by species of birds (e.g. chickens), and 7 (3.3%) by snakes. Fig. 1 is a pie chart of all the mammalian bite injuries, divided into the different species. It is clear that most bite injuries were inflicted by rats. The boxplot in Fig. 2 presents the ages of the children at the time of the bite incident, categorised by type of animal. The children bitten by rats had the lowest median age (1.5 years, IQR 1.5 -3.3).
Of the 103 children who were bitten by a rat, 57 (55.3%) were girls and 46 (44.7%) were boys. Of these, 51 girls (49.5%) and 33 boys (32.0%) fell into the age category 0 -4 years, while 13 boys (12.6%) and 6 girls (5.8%) were aged >4 years. Fisher's exact test showed a significant difference between the proportions of boys and girls aged ≤4 years and those aged >4 years (p=0.039).
In 198 cases, the geographical place where the bite occurred was documented. Of all animal bites, the largest proportion (61.6%) occurred inside the house. Bites inflicted by birds occurred most frequently outdoors (62.5%), whereas bites by mammals occurred more frequently inside the house (69.2%) ( Table 2 ). The place of occurrence could be identified for 91 out of the 103 rat bites; of these, 81 (89.0%) occurred inside the house. Of all the 213 patients, 180 (84.5%) presented to hospital between 07h00 and 22h00. Some patients had more than one bite, and there were 223 bites in total. We categorised the bite injuries into seven anatomical sites. Fig. 3 shows that the most commonly injured anatomical sites were the hands (43.9%) and the head/face/neck (39.0%).
Information concerning treatment, medication and analgesics was documented in 91 cases. Forty-five patients (49.4%) received tetanus immunisation (in 10 cases (11.0%) this immunisation was already up to date). Rabies vaccination was reportedly given to only 8 children (8.8%). Thirteen patients (14.3%) received antibiotics, and 1 patient was treated with prednisone and 1 with ibuprofen. Analgesics were administered to 28 patients (30.8%) (paracetamol n=21, pilidine n=5, diclofenac n=2).
Of all the 213 patients, 180 (84.5%) were classified as having AIS minor injuries, 28 as having moderate injuries and 5 as having severe injuries. Surgery was reported in 3 of the 5 severe cases and 8 of the 28 moderate cases. Six surgical procedures encompassed wound debridement, 1 patient needed a fasciotomy and 4 patients required skin grafting. Two rat bites classified as moderate/ severe injuries and described as a 'deep bite in lower end of finger' necessitated amputation of a fingertip. One child with a snakebite to the leg had clinical signs of a compartment syndrome (extensively swollen, tender and tense calf, decreased sensation to touch and calf pain on dorsiflexion of the foot) and fasciotomy was required to release the pressure in the compartment, with subsequent skin transplantation.
Area statistics for rat bites
The area code was recorded for 101 rat bites (98.1%). Forty-two rat bites (41.6%) occurred in the suburbs of Philippi (n=20), Gugulethu (n=12) and Khayelitsha (n=10). The other rat bites occurred in 23 other areas throughout Cape Town. The population size, demographic profiles, economic profiles and dwelling profile of Philippi, Gugulethu and Khayelitsha are set out in Table 3 .
Follow-up
In 28 cases, information concerning followup was documented. Twenty children were followed up by social workers, who reported that the children bitten by rats lived in informal settlements under poor socioeconomic circumstances, their families living in shacks or 'Wendy houses' , with children frequently sleeping on a dilapidated wooden floor. Some families' dwellings were close to drains or on farms adjacent to open fields. It was confirmed that there were rat problems in these areas: 'huge rat problem in the area'; 'similar problems in the past'; 'big rats come out during the night time and bite children' .
Social workers sometimes reported that more than one family member had been bitten: 'brother was bitten previously by a rat'; 'all four children have been bitten by rats previously' . There were also reports, albeit rare, that the mother was intoxicated with alcohol and therefore failed to respond to the child's crying. [6] [7] [8] [9] [10] [11] 13, 14] Previous reports have documented that rodent bites occur most frequently in areas with high rates of poverty and unemployment. [6, 10] Rodents are a significant problem in urban settlements in Johannesburg, especially in the poor areas. [6] These findings are consistent with our results. RCWMH is a tertiary-level referral hospi tal that treats only severe and referred cases. Since not all victims of bite injuries are referred to a healthcare institution for medical treatment, [15] it is probable that the cases seen at RCWMH represent the tip of an iceberg.
In this study, 54.9% of the children presenting after animal bite injuries were boys. This is consistent with the literature, most studies on animal bite injuries reporting a male predominance. [15] [16] [17] [18] In contrast to this finding, we found that in the age group 0 -4 years, girls were more likely to be bitten by rats. Furthermore, most of the rat bites occurred in the youngest age group. This may be explained by the fact that children in this age category, perhaps girls in particular, are not capable of protecting themselves from rats. Parents or other caregivers must therefore take adequate precautions to prevent these injuries to young children.
The head (face) and hands were the anatomical locations most affected by animal bite injuries. This is in agreement with other studies. [9, 10, 17] According to Jaindl et al., [17] young children may be vulnerable because they do not yet understand the behaviour of animals, while their short stature exposes their faces and hands and makes them easier targets. Hirschhorn and Hodge's [10] observation that most bite injuries occur in sleeping children would also offer an explanation why the face and hands were most affected, these body parts being more exposed during sleep.
The finding that most mammalian bites occurred inside the house is explained by the predominance of rat bites, of which 84% are known to occur indoors. [10] This in turn is explained by the fact that families of victims of rat bites typically live in informal settlements, in shacks with dilapidated floors.
In the present study, almost 50% of the chil dren received a tetanus vaccination. The guideline for tetanus immunisation is the same for animal bites as for any other injury that penetrates the epidermis. [1] We found that just over 14% of the animal bites were treated with antibiotics, in line with a previous study. [17] While there is no scientific evidence for the benefits of anti biotic prophylactic therapy in animal bites, [1, 9, 19] antibiotics tend to be prescribed to patients with deep puncture wounds and high-risk immunocompromised patients. [1, 19] A deep wound generally also requires extensive cleaning, debridement and suturing, and in some cases skin grafting. [1] Dealing with the public health issue of rodent bite injuries in children requires development of preventive strategies that target the population at risk. Rodent control programmes are often understaffed and fail to address the fundamental underlying problems. [6] While education of families will create awareness of this community health problem, and rodent eradication programmes are important, they are unlikely to be sufficient. What needs to be achieved is an improvement in housing quality, prevention of overcrowding and installation of proper sanitation and drains, while at the same time addressing the scourges of poverty and unemployment. This can only be achieved over the long term.
Conclusions
There is a relationship between poverty, unemployment, poor housing, informal settle ments and rodent infestation. Recognisable high-risk populations need to be targeted for public health rat eradication programmes that should include improved domestic hygiene, the safe storage of garbage, and sanitation control.
